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Spin observables for thepd↔p1t reaction around the D resonance
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The proton analyzing powerAy0 and the deuteron tensor analyzing powerT20 are evaluated for the
pd↔p1t process, in the energy region around and above theD resonance. These calculations extend a
previous analysis of the excitation function and differential cross section, based on a model embodying one-
and two-bodyp-wave absorption mechanisms and isobar excitation. The three-nucleon bound state and thepd
scattering state are evaluated through Faddeev techniques for both the Bonn and Paris potentials. The spin
variables exhibit a greater sensitivity to the number of included three-nucleon partial waves than the cross
sections, while the role played by the initial- or final-state interactions appears to be small. The results for the
tensor analyzing power at backward angles show a non-negligible dependence on the potentials employed,
consistently with what has been previously found for the cross sections. The calculation of spin observables
gives a clear indication that other reaction mechanisms~presumablys-wave two-body absorption! have to be
included in the model, in order to reproduce the experimental data below theD resonance, in analogy with the
simplerpp↔pd process.@S0556-2813~98!03004-0#

PACS number~s!: 25.80.Ls, 25.40.Qa, 25.10.1s, 13.75.Cs
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I. INTRODUCTION

Pion absorption/emission processes onA53 nuclei offer a
unique possibility for testing our present understanding
pion-baryon interactions and reaction mechanisms wit
minimum of ad hoc phenomenological assumptions. It
now possible, in fact, to give a microscopic description
both the nuclear bound state and the three-nucleon dyna
in the incoming~or exit! channel through modern few-bod
techniques.

A first step towards this goal has been accomplished
recent paper@1#, where pion emission/absorption reactio
on tritium have been studied in the energy region around
D resonance. The elementary emission/absorption proce
are given by the direct, one-nucleon mechanism, and by
two-body mechanism, proceeding throughD excitation. The
former is described by a nonrelativisticpNN vertex, the lat-
ter by a pND vertex, followed ~or preceded! by isobar
propagation, and aDN↔NN transition mediated byp andr
exchange. The three-nucleon bound and scattering stat
the initial and final channels have been evaluated thro
numerical solution of the Alt-Grassberger-Sandhas~AGS!
@2# equations for realisticNN potentials, by resorting to the
Ernst-Shakin-Thaler~EST! expansion method@3,4#, to pro-
duce a finite-rank representation of theNN interactions.
With this representation, thep-production amplitude includ-
ing the three-nucleon correlations can be obtained by solv
an integral equation where the off-shell extension of
plane-wave amplitude represents the driving term. This
proach is similar to a recent treatment of tritium photodis
tegration@5#. The transition amplitudes have to be deco
570556-2813/98/57~4!/1588~7!/$15.00
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posed into three-nucleon partial waves, whereas the p
tritium motion is represented by a three-dimensional pla
wave state. The calculation has been performed
momentum space, and details about the partial-wave form
ism can be found elsewhere@1,6#.

The phenomenological parameters entering the above
culations are essentially the coupling strengths and cutoff
the meson-baryon vertices. These parameters had been
previously through the analysis of the simplerpd↔pp re-
action @7,8#, over a large experimental database, includ
cross sections and polarization observables. Hence,
analysis of Ref.@1# can be regarded as a parameter-free c
culation, aiming at ascertaining to what extent the assum
model of the pion-nucleus dynamics can be extended fr
the two-nucleon to the three-nucleon system. These calc
tions have been compared with experimental integral
differential cross sections. The role played by the final-
initial-state interactions~FSI/ISI! has been studied, and th
convergence with respect to the number of included part
wave three-nucleon states has been tested. It turned ou@1#
that the inclusion of higher partial waves and nuclear cor
lations have a comparable effect on the cross sections. G
results could be obtained in the considered energy reg
with both Bonn@9# and Paris@10# potentials, the latter pro-
ducing a lower excitation function with respect to the Bo
B potential, and slightly better results for the differenti
cross sections at backward angles and high energies. Aro
the resonance, and for not too large angles, however,
results for the two potentials differ only in the normalizatio
of the cross sections, with the excitation function for t
1588 © 1998 The American Physical Society
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57 1589SPIN OBSERVABLES FOR THEpd↔p1t REACTION . . .
Paris potential being about 25% lower than the BonnB re-
sult.

In the present paper we extend the analysis to spin obs
ables~such as the asymmetryAy0, and the deuteron tenso
analyzing powerT20), and to a larger energy region, in ord
to get a deeper insight into the merits and limitations of
model employed for thep-three-nucleon dynamics.

For thepd↔pp reaction, the polarization observables a
known to be much more sensitive to the details of the
namical model than the unpolarized cross sections@7,8,11#.
For this reason, the large variety of spin data has never b
reproduced with complete success, in spite of the increa
complexity of the theoretical models. In particular, the p
ton analyzing powerAy0 is one of the most difficult observ
ables to reproduce since it depends on both the magni
and the relative phases of the intervening helicity amplitud
A similar situation appears here for thepW 1d→p11t reac-
tion. We investigated how much this observable is affec
by the partial-wave truncation, and by the inclusion
nuclear correlations in the initial channel. We found a mo
pronounced sensitivity to the number of included thre
nucleon partial-wave states, with respect to the cross
tions. When the representation is enlarged to include 18 t
body partial-wave states andS, P, andD orbital states in the
intermediateD propagation, the theoretical results move
wards the experimental points. The effects of the thr
nucleon correlations in the initial state, on the other ha
turn out to be less important. As forT20, one can obtain the
general trend of the experimental data around the resona
the results exhibiting a moderate sensitivity to the cho
NN potential at forward angles, and a greater sensitivity
large angles, consistently with the analysis of the unpolari
cross sections.

This model, in its present form, has been built for
analysis around the resonance region, where the interme
DN dynamics has to be treated explicitily. As is well know
a theoretical evaluation of theD width in the nuclear envi-
ronment is still beyond present possibilities, since it wou
entail a consistent solution of the couple
pNNN2DNN2NNN problem. Lacking this theoretical in
gredient, we choose to parametrize the resonance width
nomenologically, starting from the experimental cross s
tion for the pd→pp reaction. This phenomenologica
parametrization implicitly takes into account the no
perturbative aspects of the intermediateD propagation within
the two baryon subsystem; it proved successful both in
description of thepd↔pp data from threshold@12# up to the
resonance region@7,8#, and in the three-nucleon calculation
of Ref. @1#. Here, we extend the analysis ofpd↔pt pro-
cesses beyond the resonance region for both the cross
tions and spin observables, and compare the outcome of
effective parametrization with the standard relativistic tre
ment of theD width, which applies to a freeD @13,14#. One
finds that the former parametrization provides better diff
ential cross section in the resonance region, whereas th
ternative description works better with increasing ener
This suggests that nonperturbative effects in the off-sheD
propagation are non-negligible in the resonance reg
while their importance decreases at higher energies.

The data are not well reproduced in the low-energy
gion. This is particularly true for the tensor analyzing pow
rv-
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at forward angles, where one fails even in reproducing
trend of the experimental points. This had to be expec
because in the present calculations onlyp-wave absorption
mechanisms are considered. At low energies, one exp
non-negligible contributions froms-wave pion absorption,
involving p rescattering on a second nucleon. Such mec
nisms play an important role in thep-absorption process
and have to be taken into account in extending the pre
analysis from the high-energy to the low-energy region,
has been shown in Ref.@12# for the simplerpp↔p1d reac-
tion.

The formalism relating cross sections and polarization
servables to the transition amplitudes as given in the pre
approach is reviewed in Sec. II. The results of calculatio
are shown and discussed in Sec. III. Finally, Sec. IV conta
the summary and conclusions.

II. THEORY

The amplitude for thepd↔p1t process can be written in
terms of the matrix element

Atot5 ______S
~2 ! ^q,cduAucBS&SuP0

p&. ~1!

The statesucBS&S and ______S
(2) ^q,cdu describe the final three

nucleon bound state~BS! and the initial three-body scatter
ing state, respectively, and are assumed to be properly
symmetrized. For both bound state and scattering regim
we use herein the same three-nucleon states previously
ployed in Ref.@1#. Henceforth, we refer to that paper for an
details about the Faddeev-based calculation of the th
nucleon states. The states^qu and uP0

p& are the plane-wave
states for the two fragments in the asymptotic channels.
momentaP0

p and q are the on-shell momenta in the c.m
frame for the~outgoing! pion and~incoming! nucleon, re-
spectively.

In the operatorA we specify the reaction mechanism
under consideration. To avoid double countings, pur
nucleonic intermediate states must be avoided inA, since the
intermediate propagation of three nucleons is taken into
count to all orders when calculating the three-nucleon
namics in the final state. These amplitudes are decompo
in three-nucleon partial waves, while the pion-nucleus wa
is kept three-dimensional. We omit the details on the rep
sentation employed since all this has been thoroughly
cussed in previous papers@1,6#. Herein, we limit ourselves to
mention that the three-body states are defined in momen
space and the partial-wave decomposition is discussed w
the j I coupling scheme. The indexa collectively denotes the
whole set of quantum numbers, namely spin, total angu
momentum, and isospin of the pair (s, j , andt, respectively!
orbital, spin, total angular momentum, and isospin for t
spectator (l, s, I , andt) and finally the three-nucleon tota
angular momentum, isospin and associated third com
nents,JJz andTTz. To calculate spin observables we ado
the helicity formalisms as introduced by Jacob and W
@15#. The phase conventions, however, are those define
Ref. @16#. We transform thej I coupling scheme of our am
plitudes into a channel–spin representation, where the an
lar momentum of the spectator particle,l, is coupled to
channel spinK ~which is the coupling of the spectato
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1590 57CANTON, CATTAPAN, PISENT, SCHADOW, AND SVENNE
nucleon spin,s1, to the deuteron spin,j ) to give the total
angular momentum J. The transformation is

u„l~s1 j !K…J&

5(
I

~2 !s11l1I K̂ Î H j s1 K

l J I J u„j ~ls1!I …J&.

~2!

The amplitude in this newl-K representation will be
compactly indicated as

A„~l,K !J,mb…[A 4p

2J11
~2 !1/22Jz

A„q,~lK !J,2Jz,E….

~3!

We observe that in this representation the pion and nuc
relative states of motion are treated differently, and, for c
venience, we prefer to discuss the amplitudes in terms of
~inverse! pion absorption process. By doing so, the init
state isnot decomposed into partial waves, while the fin
state is. The quantization axis is parallel toP0

p , thus it is the
helicity axis for the incoming pion~obviously, the helicity of
the pionma is zero!. For the target particle, the triton, w
take the same axis, but pointing in the opposite directi
Hence, for the target particle, we have to rotate the frame
180° around the normal to the scattering plane. Becaus
this rotation the target helicity ismb52Jz, and the phase
factor appears in the equation above. We construct
partial-wave helicity amplitude

f mcmd

/ mb ~J!5(
l,K

^mcmdJulKJ&A„~lK !J,mb…, ~4!

wheremc is the helicity of the outgoing nucleon, andmd is
the helicity of the deuteron. Given thatma is zero, we use the
symbol ‘‘/’’ in place. The coefficientŝmcmdJulKJ& provide
the Jacob-Wick transformation from the channel spin to
helicity representation with the phase conventions adopte
Ref. @16#

^mcmdJulKJ&

5~2 !K2sd1mcC~sc ,sd ,K;mc ,2md ,mc2md!

3C~K,J,l;md2mc ,mc2md,0!, ~5!

whereC are the usual Clebsh-Gordan coefficients in the
tation of Ref.@6#.

The expansion in terms of reduced rotation matric
yields the angular dependent helicity amplitudes

Fmcmd

/ mb ~u!5(
J

2J11

4p
f mcmd

/ mb ~J!d~2mb!~mc2md!
J ~u!, ~6!

whereu is the scattering c.m. angle for the outgoing nucle
Of the twelve helicity amplitudes, symmetry principles le
to 6 independent ones~we omit the angular dependence f
brevity!. Thus
n
-
e

l
l

.
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e

e
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.

F1/2 1
/ 1/252F21/2 21

/ 21/2 ,

F1/2 0
/ 1/25F21/2 0

/ 21/2 ,

F1/2 21
/ 1/2 52F21/2 1

/ 21/2 , ~7!

F21/2 0
/ 1/2 52F1/2 0

/ 21/2,

F21/2 1
/ 1/2 5F1/2 21

/ 21/2 ,

F21/2 21
/ 1/2 5F1/2 1

/ 21/2.

Finally, we obtain the helicity amplitudes for thep pro-
duction process from time-reversal symmetry. According
the time-reversal amplitudes are related by the equations

F / mb

mcmd~u!5~2 !mc2md1mb
upau
upcu

Fmcmd

/ mb ~u!, ~8!

where on the left-hand sideu is the scattering angle for th
produced pion, while on the right-hand side it refers to t
angle for the outgoing nucleon. Also,pa is in our caseP0

p ,
while pc is q. By means of these relations, we define

Z1~u!5F1/2 1
/ 1/2 ,

Z2~u!52F1/2 0
/ 1/2 ,

Z3~u!5F1/2 21
/ 1/2 , ~9!

Z4~u!5F21/2 0
/ 1/2 ,

Z5~u!52F21/2 1
/ 1/2 ,

Z6~u!52F21/2 21
/ 1/2 ,

having factored out the momentum ratio since it is taken i
account at a later stage. Well-known spherical tensor alge
@16# leads to the following expression:

Ay0524
Im~Z1Z5* 1Z2Z4* 1Z3Z6* !

I 0
~10!

for the analyzing power for the reactionpW 1d→p11t. The
quantity I 0 is defined as

I 052~ uZ1u21uZ2u21uZ3u21uZ4u21uZ5u21uZ6u2! ~11!

and gives the differential cross section

ds

dV
~u!5

c

2
I 0 ~12!

for the pion absorption reaction, or

ds

dV
~u!5

c

6S Pp
0

q D 2

I 0 ~13!

for the inverse reaction. The constantc corresponds to the
phase-space factor

c5~2p!4
q

Pp
0

EpEtENEd

~Etot!2
, ~14!
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57 1591SPIN OBSERVABLES FOR THEpd↔p1t REACTION . . .
with the relativistic energy of the fragments given by

Ep5Amp
2 1P0

p2,

Et5AMT
21P0

p2,

EN5AM21q2, ~15!

Ed5AMD
2 1q2,

Etot5EN1Ed5Ep1Et .

Here,MD , MT , are the deuteron and tritium masses, resp
tively.

From the same helicity amplitudes, we have calcula
also the deuteron tensor analyzing powerT20

T205A2
~ uZ1u222uZ2u21uZ3u222uZ4u21uZ5u21uZ6u2!

I 0
.

~16!

III. RESULTS

In a previous article@1#, it has been shown that the energ
dependence and angular distribution of thepd↔p1t reac-
tion cross section around theD resonance could be repro
duced reasonably well with a meson-exchange isobar m
with the p-nucleon interaction mediated by thep-wave
p NN andp N D vertices. The pion production/absorptio
diagrams included in that model are shown in Fig. 1.

In the same paper, the normalization of the cross sec
was found to be quite sensitive to theNN potential model
employed~Paris, BonnA, or Bonn B!, while the angular
distributions were found to be less sensitive, with the exc
sion of the region at backward angles, where a n
negligible dependence upon the nuclear potential has b
shown. At the resonance peak, the three-body dynamic
the nucleon-deuteron channel~ISI! have been calculated vi

FIG. 1. Diagrams included in the present analysis. On top,
D-rescattering mechanism is composed of thepND vertex, theD
intermediate propagation, and theDN transition viap and r ex-
change. On bottom, the directpNN mechanism is shown. For bot
mechanisms, the three-nucleon correlations in the initial state
represented by the oval on the left, while on the right the thr
nucleon bound state is denoted by the half oval.
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a Faddeev-AGS computational scheme, and the effect of
inclusion of a higher number of three-nucleon partial wav
has been also analyzed. In comparing the results, it tur
out that these two aspects were comparable in that they
affected the unpolarized cross section by roughly the sa
amount. Indeed, the Faddeev-AGS calculation of the thr
nucleon dynamics in the initial state gave a 4% effect in
cross section, and a comparable 4% effect was found in p
ing from a calculation including 82 three-nucleon part
waves, to our largest calculation with 464 partial waves.

We refer to the article@1# for all the details about the
model, and for the list of partial waves included in the va
ous calculations. Herein, we limit ourselves to stress that
main difference between the 82- and 464-state calculation
due to the inclusion in the latter ofS, P, andD waves for the
intermediateDN subsystem, while in the former case onlyS
waves were retained.

In this section, we use the same amplitudes which h
been calculated previously in Ref.@1# and take the analysis
one step further by calculating the polarization observab
according to the methods described in the previous sect
The results for the proton analyzing powerAy0 are compared
in Fig. 2 with the data obtained in Ref.@17# for the isospin-
related reactionpW 1d↔p013He at 350 MeV. Assuming
charge independence, the results have to be equal.
dashed line in the figure exhibits the result of the calculat
including 82 three-nucleon intermediate partial waves, a
only S states for the intermediateDN system. In this case
the results are very different from the trend of the experim
tal data; however, the dashed curve is comparable in sh
and magnitude with previous theoretical results shown
Ref. @18#.

The other two curves exhibit the results of the calcu
tions including 464 3N states and differ between each oth
by the fact that the dotted line includes the effects of
three-nucleon dynamics in the initial state, while the full lin

e

re
-

FIG. 2. Analyzing powerAy0 of the reactionpW 1d→p11t for
incident protons at 350 MeV . The dashed line includes only int
mediateDN S states, while the remaining two curves includeS, P,
andD intermediateDN states and 464 three-nucleon partial wav
The dotted line contains the contribution of ISI, while the full lin
does not. All the results have been obtained with the BonnB po-
tential.
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does not. In both cases the intermediateDN states have bee
included up toD waves. In comparing the two curves, it
clear that the consequences forAy0 due to the three-nucleo
dynamics in the initial state are not very large. Instead,
difference with the dashed curve is a clear indication that
polarization observables are much more sensitive to the
clusion of a large, possibly converged, set of states than w
happens for the unpolarized observables. In particular,
important aspect which cannot be neglected is played by
P and, to a lesser extent, by theD orbital states of theDN
subsystem. It was also found that orbital states higher thaD
waves give virtually no further change for this observable
least at the resonance energy.

In Fig. 3 the differential cross section at forward a
backward angles is shown as a function of the parameteh,
defined as the pion-nucleus c.m. momentum, in units of p
masses~timesc). The experimental data have been obtain
at Saclay@19# for thep0 production reaction. The full circles
represent cross section data at forward angles, and the
angles are the corresponding data at backward angles.
experimental results are compared with the theoretical ca
lation assuming charge independence~implying a factor 2
betweenp1 andp0 production!. The full ~dashed! line ex-
hibits the calculation at forward~backward! angles per-
formed with the model introduced in Ref.@1#, and corre-
spond to results obtained under the same circumstance
the results forAy0 shown by the full line in Fig. 2.

These calculations have been tailored for the reproduc
of the pion production reaction in a region limited around t
D resonance. Indeed, the main limitation in the energy ra
derives from the treatment of the width of theD resonance,
whose range of validity is restricted in the region belo
.2.5 forh. The explicit parametric form of the isobar widt
GD is given in Ref.@7#; it has been derived starting from th
shape of the experimentalp-absorption cross section on de
terons,s(E), by imposing the condition

FIG. 3. Differential cross section at 0° and 180° versus
parameterh calculated with the BonnB potential. The full~dashed!
line represents the forward~backward! cross section calculated wit
the isobar width parametrized starting from thepd absorption cross
section, while for the dotted~dotted-dashed! curves the free isoba
width has been employed.
e
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s~E!5
D

~E2Er !
21

GD~E!2

4

, ~17!

plus the additional condition that at the resonance peakEr ,
the isobar width coincides with the experimental value
115 MeV ~this last condition fixes also the constantD).

The same energy dependence has been employed wi
further changes in previous analyses for thep1d↔pp ~Ref.
@8#! and pd→pt ~Ref. @1#! reactions. In this paper, as pre
viously done in Ref.@1#, we have used the same paramet
~i.e., coupling constants and cutoffs! defined in Ref.@8#,
without further modifications. However, in the analys
herein we extended the energy range above theD resonance
by going up toh . 4. In order to accomplish this, we con
sidered a different parametrization of the isobar width,

GD5
2

3

f pND
2

4p

q3

mp
2

M

As
, ~18!

whereq is the pion momentum in the c.m. frame,As is the
invariant pN mass,M and mp are the nucleon and pion
masses, respectively, andf pND is the coupling constant o
the pND vertex.

This simple parametrization is commonly used in t
analysis of thepN scattering processes@13,14# and therefore
refers to the width of afree D. It has the advantage of no
being restricted to a limited energy range, and hence can
employed in the region well above the resonance peak wh
the previous parametrization@Eq. ~17!# breaks down. A com-
parison between the energy dependence of the two wi
has been done in Ref.@7#.

The dotted~dashed-dotted! line in Fig. 3 shows the for-
ward~backward! cross section results calculated with the is
bar width expression given by Eq.~18!. These results are
spanning a wider energy region above the isobar resona
and they improve the description of the reaction in the hig
energy range, starting already fromh > 2. In contrast, the
results in the lower energy region are best reproduced by
previous set of calculations which employs the parametr
tion given by Eq.~17!. At the present stage, there is n
definitive explanation for this behavior. We may howev
argue that, as the pion momentumh increases to a value
around 2, the isobar in the intermediateDNN propagation
tends to behave as a free-particle propagation, while at lo
energy the importance of theDN higher order interactions
prevents a description in terms of free isobar propagation
this is the case, the superior results obtained at lower en
by the parametrization from Eq.~17! can be understood in
the light of the fact that theD width obtained directly from
the experimentalpd→pp excitation function must include
albeit in some phenomenological and approximate way,
DN higher order interactions, while the baryon-baryon int
actions are certainly excluded when the width is para
etrized from thepN scattering data.

Figure 4 differs from the previous one in that the Pa
NN potential has been employed instead of the BonnB one.
Except for this change, for the four curves the same symb
ism of Fig. 3 has been adopted. The forward peaked dif
ential cross sections are very similar for the two potentia

e
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57 1593SPIN OBSERVABLES FOR THEpd↔p1t REACTION . . .
the only difference being in the normalization of the cor
sponding curves. As already discussed in Ref.@1#, the results
with the Paris potential are about 25% smaller than the
sults obtained with the BonnB potential. The results at back
ward angles show a greater sensitivity to theNN interaction,
since the differences in this case cannot be attributed
simple change in the normalization of the results. At low
energy, the results at backward angles obtained with
Paris potential reproduce better the trend of the experime
data. At higher energy, the calculations at backward an
for both potentials fail to reproduce the dip aroundh.3.6.
In a previous study@20#, the presence of this ‘‘bump’’ in the
backward-angle data has been explained in terms of pos
three-body pion production mechanisms. Such mechani
are not contemplated in the present analysis.

In Fig. 5, the results for the deuteron tensor analyz
power T20 at forward angles are shown. The experimen
results are those reported in Ref.@19#. The full and dotted

FIG. 4. Same results as in the previous figure but with the P
potential.

FIG. 5. Forward deuteron tensor analyzing powerT20 using
BonnB ~full and dotted lines! and Paris~dashed and dotted-dashe
curves! potentials. For both the dotted and dotted-dashed lines
free isobar width has been employed, while the other two cur
refer to the parametrization derived frompd absorption.
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lines represent the results obtained with the Bonn poten
while the dashed and dashed-dotted curves are similar ca
lations with the Paris potential. Furthermore, the solid a
dashed lines correspond to the isobar width parametrized
cording to Eq.~17!, while for the dotted and dashed-dotte
lines Eq. ~18! has been used. Independently of the isob
width and/or the nuclear potential employed the differen
are not very large. The results at lower energy are very
ferent from the experimental data while at higher energy@for
h>2, where mainly Eq.~18! can be used# the reproduction
is much better. A possible explanation for this behavior c
be attributed to some low-energy production mechanis
still missing in the present analysis. A natural candidate
the mechanism triggered by thepN interaction inS wave. It
is well known that this mechanism is quite relevant in t
pd↔pp reaction around the resonance@1,7,8# and of funda-
mental importance for the description of the same reactio
threshold. It is possible, and indeed very likely, that the sa
mechanism becomes more and more important at lower
ergies also for thepd↔p1t process. The discrepancies se
at lower energies not only in Fig. 5, but also in the forwar
peaked differential cross section~Figs. 3 and 4!, could be
possibly explained by such mechanisms.

In Fig. 6 the results obtained forT20 at backward angles
are compared with the experimental data. The symbolism
the figure is similar to that of the previous one. It is evide
that the backward angle results are much more structured
difficult to reproduce than the forward results. Here, the d
are not reproduced well in the entire energy region un
consideration. The theoretical results however show a cer
structured shape which is qualitatively similar to that e
denced by the data. For this observable, similarly to w
was previously observed for the cross section, the backw
angle results are quite sensitive to theNN potential em-
ployed.

IV. SUMMARY AND CONCLUSIONS

In this paper we have carried further the analysis of
pd↔p1t process initiated in Ref.@1# by considering the
spin observables. In particular, we have studied the pro

is

e
s

FIG. 6. Same observable as in the previous figure but for ba
ward direction. The curves are defined with the same symbolis
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analyzing powerAy0 and deuteron tensor analyzing pow
T20.

As is well known,Ay0 is very difficult to reproduce be
cause it depends not only on the magnitude of the vari
helicity amplitudes, but also on the phases of these com
quantities. We have found that the three-nucleon dynamic
the initial channel has a modest influence around theD reso-
nance while in general the convergence with respect to
partial-wave representation is of great importance. In part
lar, orbitalDN states greater thanL50 definitely have to be
included. This effect onAy0 is somewhat different from the
behavior of the unpolarized cross section, where the th
nucleon dynamics and the higher partial waves affect
results by roughly the same amount@1#.

We have considered the energy dependence ofT20 at for-
ward and backward angles, finding thatT20 at 0° is not very
sensitive to theNN potential employed in the calculation
while the results at backward angles are much more sens
to the nuclear potential, except for the region at thresh
This behavior ofT20 is similar to what has been observe
previously for the differential cross section. Below the res
nance, theT20 results at forward angles are in clear disagr
ment with the experimental results, while above the re
nance, the trend of the data is reproduced. This beha
confirms the findings already obtained from the analysis
the cross section at forward angles, and suggests that the
some missing mechanism operating at low energy. From
vious experience on thepd→pp reaction, a very likely can-
didate is the process triggered by thepN s-wave interaction.
.
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Finally, we have compared the results obtained from t
different parametrizations of theD width. One has been ob
tained from the phenomenology of thepd→pp cross section
while the other from a Chew-Low–type analysis of thepN
data. While the second represents the standard parame
tion of a single, free isobar, the first includes phenome
logically the interaction effects of the second nucleon on
isobar. Around theD resonance the differential cross secti
is better reproduced by the calculation with the former p
rametrization of theD width, while the latter parametrization
works much better when the energy increases. This sugg
that at energies above theD resonance the intermediate is
bar propagates approximately as a free particle, while aro
the resonance theDN interaction effects are not entirely neg
ligible.
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